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ABSTRACT

A comprehensiva program is in progress at the Los Alamos National
Laboratory for the development of sensitive, practical, nondestructive
assay tochniques for the quantification of low-level transuranics in
bulk seolid wastes. The program encompasses a broad range of techniques,
including sophinticated active and passive yamma-ray spectroscopy,
passive neulron detection systems, pulsed portable ncutron generalor
interrogation systems, and electron accelerator-hased tochniques. The
techmiques can be used with either low-level or high-level beta-gamma
waLtes in nither Tow-density or hinh-density matrices.

BOX COUNTER

On: nf the tirst inotruments designed and built for the assay of
transuranic (TRU) wastes, at the 10 nCi/q lovel was the Multi-Enerqy Gamma
Annay RvutnmliMrHAS). the ariginal MEGAS ha- been significantly upqraded
(MEGAS T1), 24 4 whown in Fig. 1. MEGAS I1 operates in a scgmented wode.
which allows the location of hot spots within waste package,. The Nal
detector Yo 12/<mpe in diameter and 1,6-mn thick, which optimizes the TRi
detoction capability ysing | x rays and gamma rays having an eneray less
than 100 LoV, The detection Hwit at the 3+ Tevel above background for
AlAm iy 1o than 4 pCifa and for 239y {5 1ess than 1 nCi/q for a 500--.
count far approximately 6 kg of low density wastes in a 57-7 carton.

The pre-oence of hety- and ganma -ray emitting fission produnte«
decreates the TRU detection Limit for the Nal detector. The addition 3.4
of a high resolution hyperpure planar gqormanium detector, 1000-mm? active
area. 12-m thick. allow, the assay of YR't ivotopes even in the presence
of several miRZ7h omm and beta background.. A tabulation of mea-ured
dotoction limits for the hyperpure qermanium detector is presented in
Bt 50 thing thews data, it s estimated that TRD assay a* ;hu 10 nCi/q
}1,01 van Uil b made sven in the presence of 400 .Gt of 137Cs (65 nCi

ra/n).



Four banks of polyethylene moderated 3He neutron detectors have
been added. The measured detectability limit (35 level above background,
1000-s count, total neutron count) for these neutron datectors is 400
nCi/g for weapons grade plutonium oxide. Because 3He detectors are
relatively insensitive to photons, they can operate even in the presence
of high fission product backgrounds (1-10 R/h).

CRATE COUNTER

Much of the plutonium and uranium waste generated in the nuclear
industry 1s ultimately packaqed in 208-% barrels or large crates having
typical dimensions of 1.0 m or more on a side. An active/passive 4z
neutron counting system has been deveioped to assay/scrern these large
crates for their TRU content. This counter is nade from discrete moderated

He neutron detector modules which are casily arranged into a variety of
assay chamber geometries,

Figqure 2 depicts the construction of the discrete counter modules
and the placement to form an assay chamber with internal dimensions of
1.2 x 1.2 x 2.4 m. The neasured 4: detection efficiency in this config-
uration far a hare californium source is 14

Separate counting electronics are provided for cach of the two
chambers in ecach of the six rmdules far a twal ot twelve independent
~ianals. The relative singles count rates from different portions ot the
A4 systes are used for geometry and matvix corrections. Fiqure 3 shows
the ratio of the count rates from the two end module« as a function of
source position along Lhe length of the assay chamber., Simiiar ratios
have been peatured tor the two sets of opposite side nodules.d  The three
ratio, can wevve to deterwine the 1ncation ot a sourece to within a few
contimeter, along each as o,

ALl neutron detection systems suffer in the presonce of matrix
metorial., pdrtlcy Jarly hudrogenous materials. A ¢1at response (10 )
was medasured § P0F neuvron sources moderated by thicknesses of poly-
othylene ranqging trom b to /7.5 cn. A compencation technique for greater
offeoctive hvdrogenon . mogorator is based on the differential onerqay
sonsitivity of the count rates in the inner and nutor chambers of cach
“ndule,

Por piabor ta cantarinated weh tes s the e, ve 4 coincident rean -
urement. generally detersinos the 730py sy, 1F the 210CPy 2o total Py
ratio is known, this weasurement determipes the total P'u mass. Meawured
1 detection sepativity is about 10 mg AUpy Db

The active part of the crate counter {- the di.fforentinl dic-away
pulned neatron tochnique ddacussed elsewhere,s  Preliminary dsto:tion

Ig-lf( for the active crate counter are 4-10 ma for nitnor Pu or
1||
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BARREI. COUNTER

The Los Alamos National Laboratory has developed an accurate, high
sensitivity assay instrument for the assay of TRU waste in 208-% barrels.
The assay chamher of this differential die-away system consists of a
graphite and polyethylene structure with a small, pulsed D + T neutron
generator inside. Both cadmium covered and bare “Heneutron detectors are
incorporated in the chamber, being placed external to the graphite but
inside the polyethylene. The qraphite and polyethylene moderate 14 MeV
neutrons, which are completely thermalized in (.7 ms. The thermal
ncutrons die away in the intarrogation cavity with a half life of about
0.76 ms. The interrogating thermal pulse lasts a long time in the
chamber and induces thormal neulroan fission in any fiss}&s material
present in Lhe waste barrel. This system has a measired Pu sensitivity
of 1.ng in a ?NY-v barrel. A complete description of this system,
including its application to mixed wastes (curium, californium, plutonium,

uranium. americium, nspsunium) and matrix correction methods, is presented
in thesc proceedings, 9

An ideal supplement to the pulsed thermal ncutron interrogation
system iy gamma-ray spectroscopy. This is particularly true for waste
containing many isotopes. Gamma-ray spectroscopy is sensitive to all
radioactive isotopes, including fission products, not only TRU isotopoes
that either have a significant spontaneous fission or neutrnn-induced
fivsion cross section.  Some svecific examples of isotopes that cannot be
taayed via neutrons that can he assayed ”“i"ﬂ qamma-rg§ spectroscopy
are r-“I\:n and 7-7Np. wihich Pave daughters, +'3 Np and 33py respectively,
that have enerqgetic qamma rays. An isctope in the arcy area is 241an,
which haw o low ficion cross section and spontanecous fission rate and a
Jery intense, but low  enerqy (l, 60 keV), ganma rav.

Active/passive Hmunn-ruv spretroscopy can quantify the radioa.:tive

wandes in A harrel JT the major probler is characterizing the matrix

Lo abe Lhe nececary correctiony to the gamma-ray simmatures. There are

two sultly different. tochniques. One 1s %0 use oxternal sources, identi.al

to the iwolopes in the barrel, to over-ride the passive signal, to nive

the effoctive attenuation at the desired enerales,  The other techniqgue

relios on the fact that above about 150 sV, the attenuation coefficient

varing smaonthly and slowly a2 function of enerqy, Thic technique

characterizes the matrix as o tunction of enerqy over a large enerqy

range.  The upper part of Fig, 4 <hows the Tincar attenuation coefficiont
an a function of energy for an actual waste bareel (0 - 0.22 q/cw3).

the Tane in the figure 14 a Vinear least <quare. £it te the data. There

in no a priori reason to e lude o linear rerationship hetween i and In(E ).

The barrel suppouedly hay paper and Taboratory ala<wware in it,  for

comparison, the lower part, of Fig, 4, using the wgme ocales, shows the

Pinear attenuation coetficient as o function of oneray for pyrex alase

(. 0,25 a/emd) . There iy very qgood agroement, both In wagnitude and in

slope, between the two plots,  There is a =mall curvature to the data ot

low energios, but the data are approximately linear above about 150 knV.
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ACCELERATOR BASED ASSAY SYSTEM

A LINAC can be the heart of a complete assay system. Photofission
interrogation offers good sensitivity for TRU, but because of the
similarity of phototission cross sections for both fissile and fertile
isotopes and other high Z materials, such as lead, identification of
specific nuclides is difficult. Thermal neutron interrogation offers
high sensitivity for fissile isotopes but essentially nonc for fertile
isotopes. A combination of neutrog and photon interrogation can separate
the fissile and fertile isotopes.’

Photons are produced in a bremsstrahlung target. The beam passes
through a polyethylene slab to harden the photon spectrum. A portion of
the higher energy photons above various reaction threshold cnergies will
moduce photoncutrons. A beryliium converter can also be used to signif-
icantly increase the photoneutron flux. Photoneutrons and prompt photo-
fission neutrons will thermalize in a few tens of microscconds and will
persist as thermals for hundreds of microseconds, during which time thev
will qgenerate thermal neutron fissinns among the fissile TRU. Prompt
fission neutrons from thermal fission are separated in time from the
photoneutrons and can serve as a quantitative siqnature. The detection
rethod is the difforential die-away systen.’/-

While the thermal ficsions are produced in near simultancity with
the phoinfission events, the promnt and delayed neutrons trouw the two
fivsion processes can be resolved in a single detector,  This is illuy-
trated in Fig. 4, where the neutron count vate froma 1 g 23%y qample
treadiated by a 12 MeV brenestrahlung burst is plotted versus time after
burst  Curve "a" shows the prompt neutron count rate to persist for abnut
dms, with a pearly constant delaved neutron count rate continuing to the
next burst.  Curve “h". obtained with the ¢ Py wrapped with cadmium,
Show, the delayed neatrons to be only weakly affected by the cadmium,
whercas the prompt neutrons are essentially ab-ent, demon trating the
prodominantly photofis.ion oriqin of *ne delayed qraup. rFor a 200--.
LINAC interrogation run, the 3 detection Yimit iv botter than 1 me )39Pu,
which is less than 1 nfi/q of waste for a 105 kg matris of aluvinue scrap
ina 208-. barreel, U 4

While the TINAG i+ being used as an interrogation source, it can
sinultancousy be ueed to produce a radiograph of the wa' te container,
A oradlogranh indicites whore and what iphomogeneitieon are in the barrel.
9f a purely qualitative nature, o radiograpk qgives an eacellenc fingor
print. of tne rarrel, which can be w.ad for shipper/receiver verification
that ¢ qiven bharrel has not bheen tampered with,

Fijure 6 hows o padiograph of o composito wedge of woad, aluminun.,
pul sethyione, and copper,  Thiy Lranumission scan wa taken at a beam
oneray of 6 Moy 160 ppe, o aboutl C7% ma beam current . and a4 5y wide boan,
pulae. The wcanning table was moving past. the ppevs teahlung Largel at
about 4 am!s. The data represent. 30 sweeps inoa madtichannel scale mode,
iomsZchannel dwell tiee.  The detector wae o plastie weintillator

-fh.



(NE 102) coupled to a photodiode. Spatial resolution in these preliminary
measurements is about 1 c¢cm. This can be optimized by changing the speed
of the scanning tabhle, the dwell time per channel of the multichannel
scale, and the repetition rate of the LINAC.

Some measurements have been made using a NE 102 plastic scintillator
coupled to a photomultiplier tube with only 3 dynodes in the string
connected. Three beam cnergies, 4, 6, 8 MeY, have been used to try to
improve the contrast in the radiograph.

To further complete an assay, the LINAC can be used to identify
matrix constituents using the thermal neutron capture reaction (n,y).
Preliminary measurcments have identif{ied cadmium and aluminum. The hyper-
pure germanium detector was severely affected by the gamma flash from the
I.LINAC and was paralyzed for several milliseconds after the flash. Thus,
the prompt capture gamma rays were missed and only a few ganma rays from
thermal neutron activation were detected. Efforts are under way to reduce
the paralysis time of the: detector.

Similar matrjx studies can he rade using other external ncutron
sources, such as £€92Cf, or even the internal neutron sources contained
within the waste. GChviously, these methods do not suffer from detector
parelysis problems. 7Table 1 shows the experimentally measured detecta-
Lility Yimit (3 level abova tackground, 1000-s count) for various
clements lTocated in thqusntral region of a 208-: harrel. These measure-
ments employed a 50-uq <4Cf neutron source and a nighly collimated 16
officient Ge(l.i) detector. Thermal neutron capture is particularly
sensitive to neutron poisons. A detectability limit belnw 1 g is achieved
for all the neutron poreons except lithium. The poor sensitivity for
lithium i~ because the primary neutron absorbhing lithium isotope, °Li,
capLures noytrons, without emitting gamma rays.
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TABLE 1. Elemental Thermal Neutron Capture Gamma-Ray
Sensitivities for 208-Liter-Drum Assays.

Number of Detectability

Elemert fhamma-Ray Linesa LimitD
Ilydrogenc 1 14.2 g
Helium 0

Lithiumd 7 3.2 kg
Beryllium 7 8.5 kg
Boron 7 150 mg
Carbon 3 40.3 kg
NitrogenC 43 1.7 kg
Oxyqen 0

Fluorine 1 5.6 kg
Sodium 51 176 ¢
Maqgresium 18 286 g
A luminum® 51 605 ¢
Silicon 27 970 g
Phosphorus 60 2 kg
Sulfur 33 400 g
hlorine 41 15.3 q
Potausium 88 280 q
Calcium 46 792 g
Scand ium a7 21.C q
Titanium 31 45.2 g
Vanadium 67 63.2 g
Lhromium 56 22 q
Manganese 76 48.2 a
Iron® 42 5006 g
Cobalt 59 29 g
Nickel 49 122 g
Copper 66 Y5 g
linc 71 1.2 ky
Cadmiumd 34 420 g
Gado 1indum 1/ 879 g
Mercury 41 3.2 q

hen usdbile, nscape peaks are 1ncluded,
hCountinq tisie 1000-5, three standard deviations above hackground.
“posnible interference with measurement svstem components.

d
Neutl.ron poi-.on.
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